ABSTRACT
INTRODUCTION
The principle of Wide Area Monitoring is the central monitoring of distributed fast time-stamped phasor measurements. These are acquired by Phasor Measurement Units (PMU). For reference, see [1] and [2] . There are some significant differences to measurements from Remote Terminal Units (RTU): The improved visibility of dynamic phenomena is becoming more and more important because of increasing renewable power infeed and highly loaded networks. Loadflows are becoming more and more unpredictable and so the goal is to improve the observability. The technology has been developed for transmission systems, but can also be applied in distribution networks.
Measurements via RTU

Synchrophasors from PMU
APPLICATIONS OF WIDE AREA MONITORING
On the level of the Phasor Data Concentrator, the synchrophasors are time aligned, archived and displayed on a screen (for example see Fig. 2 ). Stockholm, 10-13 June 2013
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Paper No 0498 Additional benefit of the synchrophasor measurements can be created with intelligent processing of the measurement streams. These processing functions are able to extract their recognitions fast and automatically from the measurements. Some ideas are presented in the following.
Island State Detection
The monitoring system has (among others) all frequency measurements from the network area available. So it is possible to compare all of them with each other. In case of frequency differences above a certain level, an alarm can be given because this indicates a network split. For example, in A ctive P ow er V ig y-U chtelfan gen F re q u e n cy U ch te lfa n g e n F re q u e n cy C a n te g rit 
Power Swing Recognition
Power Swings can be dangerous for the system stability if they are weakly damped or undamped. A Wide Area Monitoring system has the possibility to recognize and analyze power swings. As input data, active power measurements or phase angle differences are suitable. Fig. 4 shows a system disturbance in Europe. It is nearly undamped during 2 minutes. In this case, an alarm would be given and the frequency of the power swing would be indicated (in this example 0,22 Hz). The power signal can be taken from one single PMU. For the use of a phase angle difference, two PMUs are necessary. Additional to alarms, the power swing recognition function can also visualize all detected modes in the frequencydamping-plane (Fig. 5) . By this graphic, the operator immediately is aware of existing power swings in the system and their criticality. To calculate the criticality, both the damping and the amplitude of a power swing should be used. The result can be documented in a criticality index and the colour of the mode (like in Fig. 5 , yellow = uncritical, orange = critical) 
Voltage Stability Monitoring
In many transmission systems there are transmission corridors between generation center and load center. These corridors must be prevented from being overloaded. The characteristic of a transmission line is described in a P-V-Curve which shows the dependence of the voltage at the load end of the line from the active power flow across it (Fig. 6) . If the power reaches the limit, the voltage collapses. With PMUs on both ends of the corridor, it is possible to measure exactly the actual loading status of the corridor or transmission line. This can be displayed as operating point on the PV-curve (red marked cross in Fig. 6 ). So the operator is getting aware of the actual situation. All effects like voltage regulators are included in this result because it bases on fast real-time measurements. With this information, the load flow can be kept on a secure level by control measures.
MARKET FOR WIDE AREA MONITORING
In the last years, many tenders for wide area monitoring systems have been released in Europe, South America, and Asia. All of them deal with transmission applications. The trend goes to an increasing number of PMUs. From India, the request for a system with more than 1700 PMUs has been published.
APPLICATION IN DISTRIBUTION
The application of Wide Area Monitoring systems started in Transmission Systems. Nevertheless, such systems can be beneficial also for distribution systems. One aspect is the observability. In networks where no or only few measurements are available, it can be interesting to introduce PMUs. With less PMU equipped measurement substations, a better picture may be created than with more RTU equipped substations. But more benefits can be seen for distribution networks:
• Angle and frequency monitoring
So this technology can also help in the distribution networks to increase observability and awareness for system stability.
As an innovative example for application of PMUs in distribution network, the "RegModHarz"-project is discussed [3] , [4] . The project "RegModHarz is applied to a region "Harz" in Germany. The goal is to group all local decentralized power generation into one virtual power plant and to control the loads where possible so that the region can operate without additional power flow from outside (see Fig. 7 ). Maximising renewable generation Cut-off load peaks Maximising network stability This project delivers reports ( [3] ); it is still under progress.
CONCLUSION
Wide Area Monitoring with synchrophasors from PMUs is a proven technology for system monitoring. It has its benefits in providing a real-time view on dynamic events and in the ability to analyze events from the past. It can be a second-level tool in the control center to help in analysing critical issues. The application in distribution networks is also useful. PMUs can enable the observability of such systems where no measurements are available up to now. In areas with fast changing power flow, caused for example from high amount of renewable infeed, synchrophasors can help documenting the system behaviour and recognize faster critical events.
